Regulation of the transmembrane potential of isolated chromaffin granules by ATP, ATP analogs, and external pH.
The transmembrane potential of isolated chromaffin granules has been measured using the permeant ions [14C]methylamine and [35S]thiocyanate, as well as the fluorescent probe, 9-aminoacridine. At pH 7.0, the granule membrane had a Nernst proton potential of -45mV, inside negative. This potential was sensitive to the external pH, but was unaffected by K+,Na+, Ca2+, Mg2+, or other cations. The pH of zero potential was 6.25 for both methylamine and thiocyanate. Thiocyanate also had a Nernst potential of similar magnitude and sign to that of methylamine at pH 7.0, and was also sensitive to variation in external pH. Mg2+ATP was found to depolarize the granule membrane by a saturable mechanism with a K 1/2 for ATP of 40 muM. Ca2+ was only 30% as effective as Mg2+ in supporting the ATP effect. The pH optimum for this process was 6.25 and appeared to be accompanied by a marked alkalinization of the granule interior. The specificity for ATP was further tested with structural analogs of ATP and GTP. The rate of change of membrane potential in response to changes in external pH or Mg2+ATP was estimated using the fluorescent probe 9-aminoacridine. Changes came to completion in less than 1 s. This suggested that the ATP effects were not dependent on an enzymatic transformation but on an ATP-induced conformational change in the membrane. We conclude that the chromaffin granule exists in at least two proton permeability states, corresponding to the presence or absence of Mg2+ATP. These states may be related to hormone release from granules and regulation of secretion in vivo.